Abstract
Introduction
Somatic cell nuclear transfer, commonly known as cloning, is an assisted reproductive technique to produce (almost) identical offspring by removing the nucleus from a mature oocyte and replacing it with the nucleus of a somatic cell derived from another animal. Subsequently, cleavage is induced and after several days, in an appropriate developmental stage, the reconstructed embryos are transferred into the uterine horn of a recipient foster mother (Tian et al., 2007) . As somatic cells are easy to obtain and they can be proliferated in vitro, a virtually unlimited number of copies can be produced from valuable animals (Akagi et al., 2013) . Hence, it is theorized that somatic cell nuclear transfer is a very promising way to increase the value of the stock or to propagate preferred genetic traits rapidly. Since the first somatic cell cloned mammal was produced from one of 273 embryos (Wilmut et al., 1997) , however, the expectation and all the manipulations are made by hand, using a surgical blade and a mouth pipette. The costefficiency of HMC in regard to both investment and running expenses is an order of magnitude higher than that of traditional somatic cell nuclear transfer; the need for a skilled workforce is substantially lower; and the produced embryos seem to be at least as competent developmentally as the traditionally cloned counterpart (Vajta, 2007) . Nevertheless, the methodology is still demanding, and consequently to date it has not progressed to extensive use.
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Materials and Methods
Experimental Rationale
The purpose of this work was to examine applicability of the HMC technique to on-farm conditions. This was performed by a two-fold modification of our previously published protocol: 1) direct transfer of embryos to the farmer's stock (this has happened previously either at artificial insemination stations or in experimental facilities); and 2) insertion of the process into an ongoing, successful ovum pick-up/in vitro fertilization (OPU/IVF) program, including the utilization of granulosa cells as by-products of IVF for somatic cell cloning.
Modified Handmade Cloning
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Two HMC trials were conducted at the laboratory of Australian Reproductive Technologies. In order to conduct the cloning process, granulosa cells attached to dishes used for maturation of OPU-derived oocytes from an elite Brangus cow were further cultured in vitro. Oocytes were aspirated from abattoirderived cow ovaries. Maturation and enucleation were performed as described in detail previously (Vajta et al., 2000) . In brief, zona pellucida-free oocytes were randomly bisected manually under a stereomicroscope with an Ultra Sharp Splitting Blade (AB Technology, Pullman, Australia). Following a single-step electric 'sandwich' fusion of the granulosa cell placed between two enucleated oocytes (Tecirlioglu et al., 2003) , fusion-reconstructed embryos were activated by successive incubations with calcium ionophore and dimethylaminopurine (Sigma-Aldrich, Castle Hill, Australia), following a protocol which we have described thoroughly previously (Kragh et al., 2005) .
Implantation
Embryos were cultured in sterile four-well polystyrene dishes (Nunc, Roskilde, Denmark) into the flat bottom of each was formed a small cylindrical well (well-of-the-well, WOW) by melting the plastic with a heated steel rod, as described in detail previously (Vajta et al., 2000) . The wells were filled with synthetic oviduct fluid (SOFaaci) medium supplemented with 5% bovine serum (Sigma-Aldrich), and incubated at 39 o C in a humidified gas mixture of 5% CO 2 , 5% O 2 and 90% N 2 (BOC, Brisbane, Australia) (Vajta et al., 2000) . On day 7 after embryo reconstruction, excellent quality D7 blastocyst stage embryos were selected for non-surgical transfer into six synchronised surrogate cows.
Gestation and Birth
Two recipients were detected initially as pregnant by ultrasound, but further scans at day 40 showed only one with a viable heartbeat. This Red Brangus cow, which had been used as a recipient for previous embryo work, proceeded through a normal pregnancy to term. Major flooding was forecast for Central
Queensland for the beginning of February 2013, the predicted due date, with the prospect of the rural farm location becoming inaccessible to road transport. It was therefore decided that inducing the birth nine days early would improve the calf's chances of survival.
Results and Discussion
The Brahman-Angus calf was born safely at Oaklands Stud, near Rockhampton, Australia, at the end of January 2013 and is now thriving (Figure 1) . The heifer was delivered by Caesarean section and weighed 40 kg. She was then matched with a foster mother, a Jersey-cross cow in milk, and has been growing steadily since, gaining 25 kg in her first 16 days. After 12 months, the calf weighs over 280 kg and is expected to reach her desired weight-for-age target at the time of first mating. The now weaned yearling
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Page102 is healthy, vigorous and close to reaching sexual maturity. Pet name Eve, she is identical in composition of nuclear DNA to the donor cow, which was (at the time) the most expensive Brangus cow in Australia, sold for AUS $20,000. The four-year old donor, Miss Csonka 920D2, had already given birth to three calves and her embryos have yielded another eight by using OPU/IVF. Figure 1 . Production of a healthy farm-born calf following use of a modified handmade cloning technique. Clockwise from top left: the donor cow which has been cloned; the process of handmade cloning in the laboratory; tracking progress of the pregnancy on an ultrasound monitor; the donor cow and cloned calf.
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Conclusion
This work provides proof of principle that nuclear transfer technology may be used successfully under onfarm conditions. The modified technique requires further validation but longer-term the goal is a viable commercial, industrial application. The next step is to determine the efficiency of this cloning method in a large-scale trial with both fresh and cryopreserved embryos and to firmly establish that it produces normal calves and sustainable pregnancy rates. In our experience, work with HMC is faster, easier, cheaper, and the efficiency higher than for traditional cloning. It is envisaged that, when combined with cryopreservation of bovine embryos by vitrification (Vajta et al., 1998) , somatic cell nuclear transfer by successful application of on-farm HMC will become a valuable tool in embryo-based elite breeding schemes to capture the benefits of female genetics and thereby to accelerate genetic improvement in cattle breeding worldwide. By this means, cloned animals would provide insurance for valuable members of a stud's breeding program.
